Limnological studies of Derbendikhan Lake were carried out was carried out seasonally over period of 4 season (summer, autumn, winter and spring). The present study deals with physicochemical parameters and algal composition. The maximum and minimum range of physico -chemical properties were as, 13-34 °C and 12-30 °C for air and water temperature, Electrical conductivity and total dissolved solids varied from 435-485µs/cm and 278-310mg/L respectively, pH on alkaline side of neutrality, alkalinity 200 -240 mgCaCO 3 / L in February and May respectively, harness ranged between 210-280mgCaCO 3 /L, the highest value of calcium and magnesium reached to 70mg/L and 34mg/L respectively, minimum value of sodium was 7.0 mg /L and maximum value of potassium was 1.4 mg /L, sulfate value ranged from 125-175mg/L, minimum value of chloride was 24mg/L.Higer value of nitrite, phosphate and silicate was 0.86µgN-NO 2 /L, 25µgP-PO 4 /L and 0.5µgSi-SiO 2 /L respectively.
INTRODUCTION
Increasing population and higher levels of human activities including effluent disposals to the surface and groundwater resources have made sustainability of resources a very complex task throughout the world 1 
.
Water is known to contain a large numbers of chemical elements .Physical parameters such as temperature, turbidity and current are also known to operate in Lake Ecosystem. The interaction of both the physical and chemical properties of water plays a significant role in the composition, distribution and abundance of aquatic ecosystem. Apart form this, it also gives an insight into the relationships between the organism and their environment and can be used in determining water quality, and productivity of the lake. The physico-concerns physical, chemical, biological phenomena, altitude, geology of the catchments area and the depth of water 3 .
Increased use of lakes and reservoirs for recreation, fisheries, water storage for irrigation and electric power generation purposes as well as for urban shoreline development, has emphasized the need for intensive water quality studies and management 4 . The physical and chemical limnology of a lake is characterized by hydrologic impact, autogenic nutrient dynamic and biological aspects. These factors combine with each other determine the water quality and consequently community of the lake 5 . Iraqi Kurdistan is considered a rich area with water resources if compared to its size, the water resource is available in different forms, including surface water (river, stream, spring, Kareeze and lake), groundwater, rain and snow, the second important lake is Derbendikhan reservoir which was constructed on Serwan river, this reservoir was established for flood control, irrigation, power generation, fish wealth, in addition to improving environmental and developing tourism, through the last 10 years or more, the water level is reduced in all lakes in the region, particularly in Derbendikhan lake, the reason is back to the low precipitation rate, which lead to increasing the levels of pollutants, thus the object of this study is to determine the physico-chemical properties and algal composition and assessment the water quality of the lake.
Description of the area
Derbendikhan Lake (Fig. 1) is located on the southeast of Sulaimani, boundaries extended from (latitude 35° 6¹-35° N and longitudinal 45°41¹-20° E), and the second largest lake in the Iraqi Kurdistan region at an altitude of about 485m above sea level 6 . The area of this water lake is about 114.30K2 with the maximum depth of 75m 7 .The estimated volume of the Derbendikhan lake ranges from 1.3-1.4Km3 6 . Consequently Derbendikhan can be classified as limnetic water body, as warm and monomictic with only one circulation period in winter and water temperature never falls below 4°C 8 . Geology of the area consists of sedimentary rocks of marine origin 6 . The collection decision of 9 regarding the climate of the studied area is a drysummer approaches Irano-Turanian type characterized by the occurrences of three seasons: a cold winter, mild growing period of spring and hotdry summer. Two sites in Derbendikhan mid lake and lake outlet were carried out seasonally variation over period of 4 seasons (15-8-2008, 15-11-2008, 15-2-2009 and 15-5-2009 ) respectively (Fig. 1) . 
MATERIAL AND METHODS
Seasonally surface water samples were taken from two selected site in Derbendikhan lake(one in mid lake and the second in the lake outlet main channel) seasonally over period of 4 seasons (15-8-2008, 15-11-2008 ,sulfate and chloride were estimated 10 . Nitrite, phosphate and silicate were estimated 15 . Identification of algae was carried out using compound microscope model, Olympus in accordance to the available reference identification text books [11] [12] [13] [14] .
RESULTS AND DISCUSSION
Lakes are an important natural resource for population lived around the vicinity. They provide water for domestic and industrial uses, fisheries and irrigation. Knowledge of Lake Hydrology is essential for their proper use and conservation. The physicochemical parameters and nutrient content of water play a significant role in the distributional patterns and species composition of primary organisms Sahato et al., 15 . In aquatic habitats, environmental factors include various physical properties of water, such as solubility of gases and solids, light penetration, temperature and density. Chemical factors such as pH, hardness, phosphate and nitrate are very important for growth and dispersal of the phytoplankton depend for their existence. The results (Tables 1, 2 , 3 & 4) showed that the parameters studied were effective in identifying and monitoring water bodies affected by organic sewage discharges. Hydrographic condition of Derbendikhan Lake, seasonal and physicochemical change in water surface affect the abundance and distribution of biodiversity.
Tables (5, 6, 7 & 8) show the significant differences between the two sites for different physico-chemical characteristics, that sows found significant differences between the sites in some characteristics and not found in others characteristics, and these clear phenomena in these tables.
Temperature is important in terms of its effect on aquatic life. Temperature fluctuations are evident seasonal patterns in aquatic ecosystems. Its influence on limnological phenomena such as stratification, gas solubility, pH, conductivity and planktonic distribution are well known Singh et al., 16 . Temperature measurements are useful in indicating trends for various chemical, biochemical and biological activities. An increase in temperature leads to faster chemical and biochemical reactions. The growth and death of microorganisms and the kinetics of the biochemical oxygen demand are also regulated to some extent by water temperature Khuhawar and Mastoi 16 . The air temperature showed an annual variation about (13-34 °C) at the sampling sites in Derbendikhan Lake. A higher air temperature was observed in August, particularly at site one during 2008, while the minimum value recorded in February, particularly in site one during 2009. In this study fluctuation of air temperature depend on the climate of the areas which closely approaches the Irano-Turanian type. The climate of the area characterized by semi-arid type with a wide seasonal range in air temperature. Statments by (9 and 17), seem to confirm the present conclusion.
Water temperature in the study lake was closely followed by air temperature, with maximum in summer and minimum in winter. Air and water temperatures showed a very characteristic annual cycle, with higher values during the winter was 30°C and lower values in the summer was 12°C. This variation may be related to many environmental factors such as elevation, current velocity, water depth; bottom materials expose to direct sun light and degree of shading or vegetation cover, evaporation and wind speed (18 and 19) .Similar conclusion made by (20 and 4).
The results indicated that the water of Derbendikhan lake was rich and high dissolved solids
Surface water samples of Derbendikhan lake appeared an electrical conductivity of 400-485µs/cm. The highest value recorded in October-2008, this may be related to evaporation, however The highest value of EC recorded in site two, this probably related to that profundal zone of Derbendikhan lake which contained high amounts of salts and dissolved materials setting in the lake bottom 21 . The minimum amount of total dissolved solids (TDS) was recorded in winter (272mg/L) during2008and the maximum amount in summer and March (310mg/L), during 2009.This variations may be due to the size of the water body, inflow of water, consumption of salt by algae and other aquatic plants, and the rate of evaporation 16 . A rapid increase in TDS occurs in the hot season due to an increase in the amount of bicarbonate. However, during the rainy season the amount of TDS was low due to dilution effects 16 .
pH is a measure of the acidity or alkalinity of an aqueous solution. Most aquatic organisms can tolerate to reasonable pH range (6.0-9.0), but they are more active when the pH value is around 7 23 . Iraqi inland waters including that of Kurdistan have an alkaline status, because of its geological formation, and soil and minerals properties of mountainous areas 24 . Surface water samples of Derbendikhan lake showed pH value at the range of 7.5-8.5. The difference between pH values at two sites in various seasons of the year was significant. This variation in pH is due to the presence or absence of free carbon dioxide and carbonate and planktonic density during various months 16 .The highest pH value was recorded during summer, this might be attributed high photosynthetic due to the abundance of the algal population and increase of carbonate 21 .The low pH values in winter could be related to the overturn period and increase of rainfall both of which lead to reduction in pH value 25 . Similar conclusion made by (4, 20 and 22) . The lowest pH value was always recorded in site two , this probably related to that profundal zone of Derbendikhan lake actually contain low phytoplankton density and high organic matter, which increase of CO 2 , therefore may caused a decreased of pH value 26 .
The capacity of water to neutralize a strong acid is known as alkalinity and is characterized by the presence of hydrogen ions; most of the alkalinity of water is due to dissolution of carbonate 16 . In this survey the maximum alkalinity value 250 mgCaCO 3 /L was noted at site 1 in October-2008 and minimum value of alkalinity was noted 170 mgCaCO 3 /L was noted at site 2 in February-2009. Increase in alkalinity values may be due to decreases in the water level. Bicarbonate increases with decreases in water levels have also been reported 16 . That the accumulation of lesser quantities of carbonate during summer results in the liberation of free CO 3 during decomposition of bottom deposits, which possibly converts insoluble CaCO 3 into soluble Ca (HCO 3 ) 2 . Increase in alkalinity values may be related to phytoplanktonic activity such as photosynthesis and respiration processes.Whilest the lower value calculated in February-2009, this may be attributed to the dilution phenomena caused reduction in alkalinity.
The increase in the bicarbonate during autumn may be attributed to the decrease in air and water temperatures, leading to a decrease in the reaction rate of carbonate direction and vice versa. On the other hand, the increase in the HCO 3 values were recorded during spring may be attributed to the flourishing of phytoplankton and the increase in the photosynthetic process leading to liberation of CO 2 which is converted into bicarbonate. Also the lower values of HCO 3 recorded during winter, and not detected during autumn, this is mainly attributed to the decomposition in the dead phytoplankton leading to liberation of CO 2 which dissolves in water and increase in the formation of HCO 3¯2 3 . Generally, the high bicarbonate values of the three ponds indicate their high productivity and consequently favorable contribution for fish production 23 . These results agree with that finding by 27 on Lake Manzalah. Similar conclusion investigated by (4 and 22) . The lowest value of alkalinity recorded in site two, this probably related to that bottom zone of Derbendikhan lake content was low oxygen and high in organic matter 26 . A lake's hardness is affected by the type of minerals in the soil and watershed bedrock, and by the amount of lake water coming into contact with these minerals. If a lake gets groundwater from aquifers containing limestone minerals such as calcite (CaCO 3 ) and dolomite (CaMgCO 3 ), hardness and alkalinity shall be high 28 . Total hardness content in Lake Derbendikhan reached its minimum value (220mgCaCO 3 /L) during February-2009 and its maximum (290 mgCaCO3/L) in September-2008.The highest value probably related to evaporation which increase and concentrate the available cations, while the lower value may be related to the rainfall and dilution of cations content 23 .
The results of dissolved oxygen show slight seasonal and regional variations in ranging from (4.5-9.5mg/L) in summer and winter respectively. The distribution of DO is affected by the solubility of many inorganic nutrients, which are governed by seasonal shifts from aerobic to anaerobic environments in some regions of the three ponds 29 .
The lowest dissolved oxygen values were recorded in the lake. In summer dissolved oxygen showed lower values than the other seasons, this may be due to several factors, the rise in temperature, increased biological activity, respiration of organisms and the increased rate of decomposition of organic matter 23 .
The distribution of calcium and magnesium concentrations in the water of Derbendikhan Lake was highly fluctuations during different periods. However, the calcium values were found higher than magnesium during the studied period.
Calcium is essential for all organisms, being an important cell wall constituent and regulates various physiological functions in animal too. The mean values of calcium ranged between 42.1-72.1 mg/l. The calcium content was found to increase during the summer and decrease during the winter and spring. This fall in Ca ++ concentration during winter period may be attributed to dilution factor and comparatively high temperature during summer which is known to increase Ca ++ concentration in water 23 .
The lower values of the calcium were recorded during spring may be attributed to the uptake of the calcium by microorganisms 30 . However, the high calcium contents were recorded during summer and autumn may be related to the relative increase in the temperature then increase of evaporation 31 . Generally, the calcium contents in the water is affected by the adsorption of the calcium ion on the metallic oxides 32 in addition to, the effect of the microorganisms which play an important role in the calcium exchange between sediment and overlying water 33 . The variation in magnesium concentration in this studied area may be related to this may be attributed to, MgCO 3 is partially soluble during these seasons and the magnesium precipitated as Mg (OH) 3 34 . On the other hand, the slight variations in the distribution patterns of the magnesium during summer and autumn. This is mainly attributed to its minor biotic demand and high solubility characteristic of they salts that keeps a homogenous distribution and mass balance for magnesium contents during these seasons 35 .
The present results show a slight variation in the sodium distribution patterns during winter, spring and summer. This is mainly attributed to the high solubility of them salts that keep a homogenous distribution and mass balance for sodium 35 . However, the high values of the sodium contents ranged from 6-12 mg/l during autumn may be due to the release and the dissolution of the sodium ions from sediment and rocks into the overlying water.
The slight seasonal variations in the potassium of the ponds, indicate that the conservative nature of K. The ranges of K+ were found to be from 1.4 -5.3mg/L, the highest values recorded in summer and lower value estimated in winter may is due to the to evaporation which increase and concentrate the of potassium, while the lower value may be related to the rainfall and dilution of cations content 23 . Sodium and potassium concentrations of the water lake followed the same seasonal trend.
The sulfate and chloride values were fluctuated in the ranges from (120-165mg/L) and (26-50mg/L) respectively in this survey. The seasonal variations of sulphate concentrations present in Tables (1) (2) (3) (4) showing that, the distribution of sulphate during winter, spring and summer are similar to each other. However, the highest values were recorded during autumn. The relative increase in the chloride and sulphate concentrations during hot period may be due to the increase in the air and water temperatures followed by the high evaporation rate. These results agree with that reported by 36 . On the other side, the high values in the sulphate and chloride concentrations unexpected during autumn. This is mainly attributed to the dissolution of some ions especially Cl-, SO 4 -from the surrounding rocks and sediment which release into the water of the three ponds. 2  -, NO 3  -, NH 3   - , PO 4 -, T.P and SiO 2 -) are plays an important roles in the productivity of the aquatic ecosystems supporting the food chain for phyto and zooplanktons as well as fish 37 .
Nutrient salts (NO
The seasonal variations of nitrite shows that there is a relative increase in the NO 2 -contents during winter and very high during autumn, ( Tables  1, 4 ). This is mainly attributed to the oxidation of existing ammonia, yielding nitrite as intermediate state especially in abundant oxygen during winter 35 . This explanation is documented by the decrease in the ammonia concentrations during the same period. On the other side, there is a relative decrease in the nitrite contents during hot period, (Tables 1 -4) . This is probably due to they reduction into ammonia (this is supported by the relative increase in the ammonia concentrations) during this period. As well as, they uptake by the phytoplankton in the surface water.
The cycling of phosphorus within lakes and river is dynamic and complex, involving adsorption and precipitation reactions, interchange with sediments and uptake by aquatic biota 38 .
The seasonal variations of PO4 -concentration were found to be from 14.5-25 µgP-PO4/L during the studied area. The decrease in the PO4-values during summer season were probably due to the distinct drop in phytoplankton biomass, on which nutrient regeneration process depends. Also, the recycling processes of the nutrients depended on the nutritional status of algal cells 39 . In addition to, the weak mixing in the water and sedimentation of the phosphorus at high pH of the ponds (during summer) by combination with iron as ferric phosphate 40 . On the other side, the relative increase in PO4-during winter, can be related to the complete mixing of the water column and more phosphorus release from the sediment, especially in presence of dissolved oxygen as reported by 36 .
The seasonal variations of reactive silicate in the water of Derbendikhan Lake were found to be in the ranges from 0.22-0.55 µgSi-SiO 2 /L during this survey. The obvious increase in reactive silicate during hot period, especially summer, may be due to the increase in the dissolution of the diatoms frustules at high temperatures 41 . Consumption and fragmentation of the diatoms frustules can accelerate the dissolution process of silicate by zooplankton 42 . In addition to, the alkaline pH of the water accelerates the release of the silicate from sediments to the overlying water 35 . The pronounced decrease in the reactive silicate of the water ponds during winter may be attributed to the uptake by the diatoms blooms, fungi, algae and phytoplankton and zooplanktons as well as fish.
Phytoplanktons were collected from the study sites of Derbendikhan Lake during the period of study. A total of 31 species were recorded of which 17 species belong to Bacillariophyceae (4species belong to centrals and 13 to Pennales), 7 species belong to Chlorophyceae, 6 species to Cyanophyceae, and 1 species to Euglenophyceae.
According to the present results, it seems that Derbendikhan lake and its outlet were generally dominanated by diatoms, similar conclusion made by (4 and 22).
As stated by (25 and 18), diatoms dominated numerically in the studied area. The dominancy of diatom species might be connected to their tolerance range to different environmental conditions as well as to availability of silica in lake 19 .
The highest peak in phytoplankton was recorded during October-2008, while the second peak was during March-2009 . Statement that of (19) seem to confirm the present result, however as he stated that diatoms may dominant during winter and continue to be a major component of the flora in spring and early summer, although the species composition changes.
From phytoplankton composition encountered in this work, it seems that among diatom species Cyclotella ocellata and Melosira granulata were see the most common taxa in this survey. Similar conclusion made by (4 and 22) .
On the other hand, nondiatom taxa in this study were seemed to be dominanated by Chlorophyta in particular in hot months such as
